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Long-term monitoring of Blazars
with dedicated Cherenkov telescopes

Blazars hosting Binary Black Holes”
Blazars as hadronic accelerators?
~ACT: The First G-APD Cherenkov Telescope

DWARF: A global IACT network
summary

Michael Backes
for the DWARF collaboration
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Natural expectation of
hierarchical galaxy formation
le.g. Begelman*80]

Discovery of wide (kpc) BBHs

Model of merger kick-off by
asymmetric grav. wave emission
[Komossat08]

Discovery of 1 narrow (7pc) BBH
[Rodriguezt09]

1 candidate (in SDSS) of sub-pc

Chandra: el  BBH from 2 BLRs [Boroson+09]

NGC 6240: Z:O'_024; | Are there close to coalescense
d~1.4kpc, 2 active Nuclel sub-pc scale BBHs?

[Komossa*t03]
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VLBI: HI-velocity
0402+379: z=0.055; d~7/pc

Natural expectation of
hierarchical galaxy formation
le.g. Begelman*80]

Discovery of wide (kpc) BBHs

Model of merger kick-off by
asymmetric grav. wave emission
[Komossat08]

Discovery of 1 narrow (7pc) BBH
[Rodriguezt09]

1 candidate (in SDSS) of sub-pc

BBH from 2 BLRs [Boroson+09]

Are there close to coalescense
sub-pc scale BBHs?
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power
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| Tev Theory: narrow BBHs would cause quasar
(HEGRA) like peak luminosities [Lobanov06]

@ orc

D=1 N=22340

Michael Backes for the DWARF collaboration

Not resolvable = Search for QPOs

0J287:12 yr optical [Sillanpaa+87, Fan+98, Wu+06]

Mkn501: TeV& X-ray: 23d [Kranicht99, Osone06]
]

optical: 1000 [Yang*08
new TeV & X-ray: 23d, 36d & 72d [Rédig*09

]
TeV emission from closeto BH .., [Acciarit09]

Interpretation of QPO

INn TeV as BBH

[Rieger & MannheimOQ,
De Paolis™02, Rieger(07]

Extract mass & distance
Calculate GW templates
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| Tev Theory: narrow BBHs woul sar
(HEGRA) | ov0B]

power

]
[Acciarit09]
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[Rieger & MannheimOQ, S

De Paolis™02, Rieger(Q7]
Extract mass & distance
Calculate GW templates

Michael Backes for the DWARF collaboration
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y-ray emission rate

(Crab Units)
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N [http://www-zeuthen.desy.de/multi-messenger/GammaRayData]
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Data collection ongoing

Thieler, Backes* T 95.1

-irst glance at the data quite encouraging:

Several methods reproduce period around 23 days in 1997 TeV data of

Mkn501
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Ve g‘ T s ] Orphan TeV flare in 2002 of
Bl T s oMT5, e 1EST1959+650 [Krawczynskit04]
R S e l 2 vwithin 66 days, 1 coincident
T - 'M'J[i_e.; with orphan flare [Resconi+05]
P S » 2 = Orphan“TeV flare in 2004 of
N 1t Mkn 421 [Blazejowski*05]
s T - PKS 2155-304: GeV lightcurve
: ! + E compatible with constant while

i HESS(MM | + *.H . in TeV highly variable
Y 25 | :3 [Aharonian*t09]
£ Different origins of radiation?

0. E mu;t;ctﬁev)+ ++++ :é (1] 5 g

Michael Backes for the DWARF collaboration
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High sensitivity with threshold energies around 100 GeV
many observation missions:

pliSaF wind

hebula

_LI{JDI\J-I}-O'JM

] 3|0

29 1|0 9 3?0

Galactic Longitude (deg.)

no cost efficient way for monitoring
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High sensitivity with threshold energies around 100 GeV
many observation missions:

| puls‘?‘ Wl'nd

ula

350

Galactic Lon ngitude (deg.)

no cost efficient way for monitoring

= Dedicated Worldwide Agn Research Facility (DWARF)

|dea: Affordable monitoring telescopes
observing few sources with large duty cycle

@ DPG Michael Backes for the DWARF collaboration
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h_otomontage = Mount of former HEGRA CT3 (La Palma)

-tU technische universitat ~ First g-Apd Cherenkov Telescope
dortmund FACT

TU Dortmund, ETH Lausanne, ISDC Versoix, Uni Wurzburg, ETH Zurich

MWL partners L | -

= New drive system (as in MAGIC)

# | = Newmirrors _
D. Neise* T 96.1
= New camera
= First G-APD camera for an IACT
= Solid light concentrators

= Fully embedded DAQ

Goals
Crab observations next season

Planck (radio all-sky)
Metsahovi (radio)
Tuorla (optical)

= Testwhether G-APDs are suitable for
next generation IACTs (CTA, AGIS, ...)

MAXI (X-ray all-sky) = Long-term monitoring of near blazars in
Fermi (GeV all-sky) the DWARF network

@ orc
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The FACT Mirrors |
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Julius-Maximilians 8 g
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Further enlargement plane
Carbon-fiber mirrors = First prototype available
= Copied from a glas master L 11,4m? effective mirror
% Light-weight & inexpensive area
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D. Neise* T 96.1

Novel photosensors with potential ~

to replace PMTs o h

N\,
10 - .\
Single p.e. resolution . PMT__—

B igh P D E : L] PDE:3|—5I:I( SlO3625):3—05\’(\312\‘(;1;2211(;;?0 + QF: :’CI)( R1040:5O
Negligible time-jitter 0030003026 2006 2026208000
Not damaged by bright light AR R RIESy
Very compact & robust

Not used in IACTs, yet

QE / PDE (%)
N
(2]

1440 Pixel

Fully integrated DAQ
Based on DRS4
2GHz sampling
Analog sum of groups of E8:8s0ass0staesss aeses88se
9 pixels for trigger “ Sive of HEGRA
@ ppG Michael Backes for the DWARF collaboration aoes 88 CT3 pixel (ZCm) 3
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Atmospheric transmission
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Whlpple 10m TACTIC OMEGA  StarBase

ll.
n?

ﬁ%

= telescope = 1 telescope = 2of HEGRA “ 2 of Telescope Array

= Mt.Hopkins (Az,USA) = Mt.Abu (IN) = SierraNegra (MEX) = Utah (USA)
“E,,~ 400 GeV YE,, ~1TeV = 4100m a.s.l. =7.1m2 mirror
Y E,,~700 GeV>777?
= Ongoing monitoring = Ongoing [Rubent, /ICRC0Y9] = Int. Interferrometry
[Pichel*, /ICRCOY) monitoring = No Cherenkov-
[Koul*, N/IMO7] camera, yet
[Finnegant, A/PC 08)
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= Much interesting physics
IN monitoring, e.g.
= Leptonic or hadronic jets?
= Coincident y- and v-observations
= Super Massive Binary Black Holes
= Gravitational waves

4

= Not cost-efficient with latest generation IACTs
%, Dedicated telescopes for long-term monitoring:

Prototype of a new generation
| of IACTs with G-APD cameras £

DWARF

Network of [ACTs
for 24/7 observations
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The First G-APD Cherenkov Telescope FACT
within the
Dedicated YWorldwide gn f.esearch racility
DWARF network
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Extragalactic VHE y-ray sources .00° o
(E>100 GeV) T ; iﬁ DWAREF Blazars
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Mkn 501, Mkn 421, 1ES 1959+650, 1ES 2344+514,
H1426+428, PKS 2155-304
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